Eleven strains of Trichodertnu uiride, 2 strains of the putative teleomorph Hypocrea rufa and 9 of several other Trichoderma sp. were characterized by random polymorphic DNA amplification (RAPD) fingerprinting and screened for their ability to antagonize growth of European strains of the chestnut blight causing fungus Cryphonectria parasitica, using a dual-culture assay. The best strains were found in the species T. harzianum, T. parceramosum, a distinguishable subgroup of T. uiride and a not named Trichoderma sp. The successful application of these strains against chestnut blight in vivo is demonstrated.
Introduction
Several fungal species of the genus Trichoderma are potent biocontrol agents against soil-borne plant-pathogenic fungi [1,2]. T. harzianum, T. uiride and T. ham&urn are particularly prominent on this list, but occasionally other species have been named too [3] . However, Trichodermu sp. are rather diffrcult to distinguish [4, 5] , and it has not yet been investigated whether ability for biocontrol is a general property of the genus Trichodermu or a specific attribute of some species only. Such a knowledge may be important, when the evironmental safety of biocontrol agents is to be assessed. Furthermore, Trichodermu sp. are mainly applied in the rhizo-or phyllosphere, whereas little attempts have been reported on its application in the protection of aboveground diseases [6, 7] .
In the present paper, we have adressed these two points, using Cryphonectriu purusiticu chestnut (Custuneu dentutu Marsh. Borkh) blight as a model case: this disease is a classic example of an epidemic caused by the introduction of an exotic organism [S] . There have been several approaches to control the spread or to nullify its effects (reviewed in [9]>. The most promising approach was offered by the use of hypovirulent, non-pathogenic strains of C. parasitica [lo] , which alleviated the situation in North America. Chestnut blight was also observed in the southeastern parts of Austria in recent years. Since hostparasite relationships in Europe are different, the effectivity of the hypervirulence approach cannot be predicted.
No attempts to antagonize C. parasitica with Trichoderma sp. have been reported. In the present study, we screened several Trichoderma isolates for their ability to antagonize C. parasitica. Using random amplified polymorphic DNA amplification (RAPD) fingerprinting, we will also show that the positive isolates belong to a few genetically defined groups.
Materials and Methods

Fungal strains
The isolates of C. parasitica and Trichoderma sp. used in this study are shown in Table 1 and 2, respectively.
Potato dextrose agar (Merck, Darmstadt, Germany) and 3% (w/v) malt extract agar was used for the maintenance of Cryphonectria and Trichoderma strains, respectively.
Dual culture assay for antagonism of Cryphonectria parasitica by Trichoderma sp.
Circular pieces of agar (5 mm diameter) were excised from the growing front of Trichoderma sp. and Cryphonectria parasitica strains, and put onto fresh potato dextrose agar with a distance of 4 cm between them. Growth of the two strains was moni- Italia, Type strains (ATCC 66021) SR38
Steiermark, Austria tored several times daily under the microscope. Trichoderma strains were considered as antagonistic when they succeeded in overgrowing and lysing C. parasitica.
Miniprep DNA extraction
Fungal mycelia were grown in 13-cm Petri dishes on cellophane sheets placed on malt extract agar. To isolate chromosomal DNA, 3 cellophane sheets plus mycelia were removed, the fungal mycelium removed from the cellophane and transfered into an Eppendorf tube containing 300 ,ul of 2 X CTAH buffer (0.1 M Tris-HCl pH 8.0; containing 1.4 M NaCl, 0.02 M EDTA, 2% (w/v> cetyltrimethyl-ammoniumbromide;
and 0.2% (v/v) 2-mercaptoethanol). After vigorous shaking, the suspension was subjected to a cycle of rapid freezing (immersion into liquid nitrogen) and thawing (vortexing at room temperature) which was repeated three times. The suspension was then incubated at 60°C for 30 min. Thereafter, 300 ~1 of chloroform were added, and the mixture centrifuged in an Eppendorf benchtop centrifuge for 15 min at room temperature.
The upper aqueous layer was transfered to a fresh Eppendorf tube, 2 vol. of isopropanol added, and the mixture put to -20°C for 25 min. After centrifugation (see above) for 20 min, the DNA pellet was washed with 70% (v/v> ethanol, and dried in a Speed Vat centrifuge. The dried pellet was taken up in 100 ~1 of TE buffer (0.01 M Tris-HCl, pH 8.0, containing 0.1 mM EDTA), dissolved at 65°C and then stored at -20°C until use.
RAPD-PCR conditions
Oligonucleotide primers for RAPD analysis were Ml3 wild-type phage DNA (protein III gene consensus sequence) GAGGTGGNGGNTCT, (GTG), and (GACA),, which were originally designed for RFLP fingerprinting [ll] . Since these are repeated rather than random nt sequences, we prefer to use the term RAPD fingerprinting for our procedure. The optimal amplification conditions were found to be 10 mM Tris-HCl, pH 8.8; 50 mM KCl; 1.5 mM MgCl,; 0.1% Triton X-100, 1.0 mM of each dNTP (dATP, dCTP, dGTP and dTTP), 0.2 PM oligonucleotide primer, 5-50 ng genomic DNA (to be optimized for
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each strain) and 1 unit of Tuq polymerase (Promega, Madison, WI) in a final reaction volume of 50 ~1. This was then amplified through 40 cycles consisting of 20 s denaturation (95"C), 60 s primer annealing (50°C) and 30 s extension (72°C) using a Hybaid Omnigene automated thermocycler. With primer (GTG),, denaturation was for 60 s under otherwise identical conditions. 20 ~1 RAPD product was loaded with 1 X loading buffer (0.25% bromophenol blue, 0.25% xylene cynol FF, 30% glycerol in water) onto a 1.2% agarose gel (containing 0.5 mg/l ethidium bromide) and run in Table 2 Strains of Trichoderma spp. used in this study 0.5 X THE at 60 mA constant current. The amplification products were visualized under UV light.
For data analysis, each amplified fragment with all three primers was treated as a separate character. DNA fragments of the same size were assumed to represent the same genetic locus and scored as either present or absent. The cluster analysis of the data was done based on a similarity matrix derived from the formula: number of shared characters/total number of characters. Parsimony analysis of the data was carried out as included in PHYLIP [12] .
The percentage of shared amplified DNA between various isolates was calculated using the following formulae: F = (2NXY l/N, + NY, where NXY is the number of shared DNA bands between two strains, and N, and N,, are the total number of bands in each of the samples.
In viva antagonism test
Chestnut wood logs (1.5-2 cm diameter) were collected in Styria, Austria, during winter 1992/1993, cut into pieces of 20 cm length, incubated in 3% (w/v) NaOCl for 10 min, and then rinsed extensively with distilled water. Subsequently, they were sealed with paraffin on both ends to avoid desiccation of the wooden tissue. Five mm diameter holes were drilled into the logs, and filled with appropriately sized pieces of agar containing C. parasitica mycelia. They were then placed into 5 cm diameter glasstubes, and incubated vertically at 28°C under light. Trichoderma sp. were applied as a conidial suspension (1 ml; total amount 10' spores) 4 days after application of C. parasitica. Browning of the chestnut logs was taken as an indication of successful infection by C. parasitica, and quantified by calculation of the browned area (F = a.b.r 1.
Results
Antagonism of C. parasitica growth by Trichoderma viride and other Trichoderma sp.
11 strains of T. viride, 2 strains of its putative teleomorph H. rufa [13] and 13 different other strains of Trichoderma, as listed in Table 2 , were subjected to a preliminary screening for their ability to antagonize growth of the C. parasitica strains EURO-7, BSV2 and SR38, using the dual plate assay. These three strains gave comparable results with all Trichoderma strains. Most Trichoderma spp. -despite their growing more rapidly than C. parasiticagrew towards the fungal pathogen, but then stopped once in the immediate vicinity. Only a minority of strains rapidly overgrew C. parasitica and then sporulated on it ( these best strains were also tested for their effect against other C. parasitica strains and found to antagonize all 6 strains. Antagonism of the C. parasitica strain SR 38 appeared to be most difficult, since all Trichoderma strains required the longest time for overgrowing it. All of the antagonistic Trichoderma strains also overgrew C. parasitica if applied several days later, or when applied as a conidial suspension to an agar plate already fully overgrown with C. parasitica.
RAPD fingerprinting of Trichoderma strains
Given the difficulties in assessing species identity of Trichoderma sp. by morphological means only, we have carried out RAPD-PCR fingerprinting to find out whether the observed biocontrol ability is species dependent. All three primers typically led to the amplification of 12-15 fragments, and grouped individual strains in a consistent way. As an example, the results with primer Ml3 are shown in Fig. 1.  Fig. 2 shows the results of a parsimony analysis using the combined results from all three primers. Strains characterized by a high potential to antagonize C. parasitica are printed bold. This analysis shows that the best biocontrol strains are found in clustering groups only. It is especially noted that the T. viride strains used form at least two well separated clusters, of which only one is strongly mycoparasitic. The teleomorphic strains H. rufa clustered with the biocontrol-negative T. viride strains, which is in agreement with their inability to antagonize C. parasitica growth.
Antagonism of C. parasitica growth on chestnut wood by Trichoderma sp. in vivo
Three of the best strains named above were also tested for their ability to antagonize chestnut blight in vivo, using chestnut logs. T. reesei, which is not antagonistic was included as a control. The results, as shown in Table 3 , indicate that the results from the antagonism tests on agar plates were well transferable to the in vivo application. No loss of weight or browning of wooden tissue was observed in controls in which Trichoderma strains were applied in the absence of C. parasitica. This shows that T. harzianum, T. parceramosum and a subgroup of T. viride can be used as a biocontrol agent against chestnut blight.
Discussion
The results from this study highlight the potential of selected Trichoderma sp. to antagonize chestnut blight caused by C. parasitica, thereby offering a further area of application of certain strains of this genus. They also provide support to Weindling's [14] assumption that the active component in soil compresses, which he used to eradicate active cancers from C. dentata was a Trichoderma sp.
Strain typing by RAPD fingerprinting revealed that the ability to ' biocontrol' C. parasitica was only confined to a rather small number of species, including T. harzianum and T. uiride. It is especially noted that among the species from Trichoderma section Longibrachiatum [ 151 (T. longibrachiatum, T. citri- nouiride, T. parceramosum; including the biotechnologically important T. reesei [16] ), only T. parceramosum was active in biocontrol. This was not due to the use of C. parasitica as a test organism, since similar results were obtained with a number of other fungi as test organisms (i. e. Botrytis cinerea, Fusarium oxysporum, F. graminearum, Pyronema domestica, Sclerotinia sclerotiorum, Fomes fomentarius,   Armillaria mellea, Verticilhum lecani [17] ). In this context it is intriguing that we could clearly distinguish two subgroups (species? subspecies?) within the strains of T. uiride, of which only one was able to antagonize the growth of C. parasitica strains. The existence of two genetically distinct groups within T. viride has already been reported using mitochondrial plasmid restriction polymorphism [IS], but their biocontrol ability had not been investigated. While this paper was in preparation, separation of T. harzianum into several subgroups by molecular genetic tools was reported, and the different subgroups also differed in their ability to produce antibiotics [19] or to parasitize mushrooms [20] . We assume that the group of strains of T. viride used in this study, although morphologically very similar, may actually represent more than a single species (or subspecies), of which only one is active in biocontrol.
Finally, from a practical point of view the present results offer a rapid and convenient method for the screening of a large number of isolates in the search of a potential biocontrol isolate. Given the fact that in the present work biocontrol-active isolates were only detected in a small number of species, a reexamination of the species identity of many other Trichoderma isolates in use would be worthwhile. This study was in part supported by the Austrian Federal Ministery of Agriculture and Forestry to CPK, which is gratefully acknowledged. Thanks are further due to Drs. G.J. Samuels, Beltsville, USA and D. Brewer, Halifax, Canada, for the gift of strains, and to Prof. W. Gams (Baam, The Netherlands) for morphologically reexamining the identity of some of the strains used. Finally, we owe many thanks to Dr. E. Waindinger (FZ Seibersdorf, Austria) for the gift of C. parasitica strains and the chestnut logs. 
